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(54) Power transmission apparatus for an automobile 

(57) Disclosed is a power transmission apparatus 
for an automobile comprising an engine 1 , a generator 
15 driven by an output of the engine 1, and a motor 29 
driven by a generation output of the generator 15 and a 
discharge output of a battery 47, wherein a clutch 
mechanism 23 is provided between an output shaft 2 of 
the engine 1 and an output shaft 16 of the generator 15. 
In a hybrid vehicle, a loss caused by an inertia torque of 
the generator 15 can be avoided. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a construction 5 
of a power train system comprising an internal combus- 
tion engine (hereinafter referred to as an engine), an 
electric power device (hereinafter referred to as a 
motor) and a power transmission apparatus, and partic- 
ularly to a power transmission apparatus adapted to 10 
enhance the transmission efficiency of the power train 
system. 

[0002] Japanese Patent Laid-Open No Hei 8-98322 
discloses a known example using a power transmission 
apparatus adapted to enhance the transmission effi- 15 
ciency of the power train system. 
[0003] In the above publication, there is described a 
power train construction in which an engine and a gen- 
erator are connected to each other through a speed 
increasing gear, and a torque from an output shaft of the 20 
generator is transmitted to a motor through a clutch. In 
the above-described power train construction, since the 
generator and the motor permit high accuracy adjust- 
ment of the number of revolutions of the output shaft, 
torque variation at the time of switching between a 25 
series mode and a parallel mode (series mode: running 
by only the motor using energy generated by the 
engine; parallel mode: running by the engine and the 
motor) caused by engagement and disengagement of 
the clutch can be suppressed. 30 
[0004] It is necessary for the above-described system 
to synthetically control the engine, the motor and the 
generator so that an operator (a driver) may operate the 
engine and the motor in a high efficiency region while 
satisfying acceleration and deceleration required by an 35 
operator. Therefore, a constitution is provided in which 
the engine is connected to the generator, and a torque 
from the output shaft of the generator is transmitted to 
the motor through the clutch. 

[0005] With this constitution, in the case where the 40 
vehicle is intended to be accelerated in the state in 
which the clutch is engaged (the parallel mode), an iner- 
tia torque of a generator rotating portion occurs, and it is 
necessary to correct a torque corresponding to the iner- 
tia torque by the engine or the motor. Thus, it is impos- 45 
sible to avoid an increase in fuel consumption due to the 
inertia torque. 



mobile comprising an engine, a generator driven by an 
ouipui of the engine, a battery charged by a generation 
output of the generator, and a motor driven by a dis- 
charge output of the battery, wherein a clutch mecha- 
nism is provided between an output shaft of the engine 
and an output shaft of the generator. 
[0008] Preferably, the clutch mechanism is a device 
which requires no energy for engagement and disen- 
gagement when it is engaged or disengaged. 
[0009] Preferably, the clutch of the clutch mechanism 
is a dog clutch. 

[0010] Preferably, there is used a clutch mechanism 
using a linear actuator (e.g. a motor, a gear and a rack) 
for driving the dog clutch. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

FIG. 1 shows a constitutional view of a hybrid auto- 
mobile system according to one embodiment of the 
present invention; 

FIG. 2 shows a control block diagram of FIG. 1; 
FIG. 3 shows the target torque characteristics of a 
drive shaft of FIG. 1 ; 

FIG. 4 shows shift command characteristics of FIG 
1; 

FIG. 5 shows a system constitutional view in a 
series mode of FIG. 1 ; 

FIG. 6 shows a system constitutional view in a par- 
allel mode at low speed of FIG. 1 ; 
FIG. 7 shows a system constitutional view in a par- 
allel mode at high speed of FIG. 1 ; 
FIG. 8 shows a time chart at the time of operation in 
a series mode of FIG. 1 ; 

FIG. 9 shows a time chart at the time of operation in 
a parallel mode of FIG. 1 ; 

FIG. 10 shows a time chart at the time of switching 
a shift mechanism of FIG. 1 ; 
FIG. 1 1 shows a time chart at the time of trouble of 
an actuator of FIG. 1 ; and 

FIG. 12 shows one example of a wobble motor 
applied to a linear actuator of FIG. 1 . 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



SUMMARY OF THE INVENTION 

[0006] In view of the foregoing, it is an object of the 
present invention, in the case where the aforemen- 
tioned parallel mode operation is employed and charg- 
ing of a battery is not necessary, to suppress the 
generation of the inertia torque thereby improving fuel 
economy of the vehicle. 

[0007] For achieving the aforementioned object, there 
is provided a power transmission apparatus for an auto- 



[0012] The embodiments according to the present 
invention will be described in detail hereinafter with ref- 

so erence to the drawings. 

[0013] FIG. 1 shows a construction of a hybrid auto- 
mobile system according to one embodiment of the 
present invention. In the system shown in FIG. 1, an 
output shaft 2 of an engine 1 has a gear 4 on the engine 

55 side for low speed having a meshing gear 3. a gear 6 on 
the engine side for high speed having a meshing gear 5, 
a hub 7 and a sleeve 8 for directly connecting the gear 4 
on the engine side for low speed or the gear 6 on the 
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engine side for high speed with the output shaft 2. A 
stopper (not shown) is provided so that the gear 4 on 
the engine side for low speed and the gear 6 on the 
engine side for high speed may not move in an axial 
direction of the output shaft 2. The hub 7 is internally 5 
provided with grooves (not shown) engaged with a plu- 
rality of grooves 9 of the output shaft 2. The hub 7 is 
movable in an axial direction of the output shaft 2, but 
the movement of the hub 7 in a rotational direction of the 
output shaft 2 is limited. Thereby, the torque output from 
the engine 1 is transmitted to the hub and the sleeve. In 
order to transmit the torque from the engine 1 to the 
gear 4 on the engine side for low speed or the gear 6 on 
the engine side for high speed, it is necessary to move 
the sleeve 8 in an axial direction of the output shaft 2 to 
directly connect the meshing gear 3 or 5 to the hub 7. 
The meshing gears 3 and 5 and the hub 7 are provided 
with the same grooves, and the sleeve 8 is internally 
provided with a groove (not shown) engaged with the 
sleeve 7. For movement of the sleeve 8, there is pro- 
vided a linear actuator comprising a rack 1 1 , a pinion 1 2 
engaged with the rack 1 1 , and a stepping motor (1)13. 
The outer peripheral portion of the sleeve 8 is made free 
in the rotational direction of the output shaft 2, and a 
lever 14 is provided which is not rotated with respect to 
the rotation of the sleeve 8. The clutch mechanism com- 
prising the hub 7, the sleeve 8, the meshing gear 3 and 
the meshing gear 5 is called a dog clutch. This mecha- 
nism enables the transmission of energy from a power 
source such as the engine 1 to a tire 10 with high effi- 
ciency to improve fuel economy. Since the stepping 
motor (1) 13 can recognize the rotational angle by the 
number of steps preset, a moving position of the rack 1 1 
can be judged. It is therefore possible to judge whether 
or not the gear 4 on the engine side for low speed or the 
gear 6 on the engine side for high speed is used at 
present, or the position is in a neutral position. The 
above-described judgement can be made by a combi- 
nation of a sensor for detecting a position of the rack 
and a DC motor in place of the stepping motor. 
[0014] The above-described clutch mechanism and 
the linear actuator are also applied to the direct connec- 
tion between the output shaft 2 of the engine 1 and an 
output shaft 16 of a generator 15. The output shaft 2 is 
provided with a gear 18 for detecting the engine speed 
Ne of the engine 1 having a meshing gear 17 rotated 
integrally with the output shaft 2. Further, the output 
shaft 16 is provided with a gear 22 for detecting the 
speed Ng of the generator 1 5 having a meshing gear 21 
and a hub 20 movable along a groove 19 in the axial 
direction of the output shaft 16. A sleeve 23 is provided 
in the outer periphery of the hub 20. Further, a thrust 
bearing 24 is provided between the output shaft 2 and 
the output shaft 16 to reduce the frictional resistance 
caused by the contact between the two output shafts 
and prevent a deviation of the shaft. The linear actuator 
portion is composed of a lever 25, a rack 26, a pinion 27 
and a stepping motor (2) 28. 



[0015] An output shaft 30 of a motor 29 for driving a 
vehicle (not shown) is provided with a gear 31 on the 
motor side for low speed meshed with the gear 4 on the 
engine side for low speed and a gear 32 on the motor 
side for high speed meshed with the gear 6 on the 
engine side for high speed. The gear 31 on the motor 
side for low speed is also used for detecting the speed 
Nm of the motor 29. Further, the output shaft 30 is pro- 
vided with a final differential gear 33 to enable the run- 
ning of the vehicle by only the motor 29. 
[0016] In the engine 1 , the intake airflow rate is con- 
trolled by an electronically controlled throttle 35 (com- 
prising a throttle valve 36, a driving motor 37 and a 
throttle sensor 38) provided on an intake manifold 34 so 
that the fuel flow rate corresponding to the intake airflow 
rate is ejected from fuel injectors 39. The igniting timing 
is determined from signals of the air/fuel ratio, the 
engine speed and so on determined from the airflow 
rate and the fuel flow rate, and ignition is made by an 
ignitor 40. The fuel injectors 39 include an intake port 
injection system in which fuel is injected to an intake 
port, or a direct injection system in which fuel is injected 
directly into a cylinder. Preferably, operating regions 
required by the engine (regions determined by the 
engine torque and the engine speed) are compared to 
select an engine of the system which can improve fuel 
economy and has the excellent exhaust performance. 
[0017] Next, the control device for the engine 1. the 
generator 1 5 and the motor 29 will be explained with ref- 
erence to FIG. 2, a control block diagram, FIG. 3, a tar- 
get drive shaft torque characteristic, and FIG. 4, a shift 
command characteristic. First, into a power train control 
unit 41 of Fig. 1 are input an accelerator pedal angle a, 
a brake pedal force p, a shift lever position li, a battery 
capacity Vb, the speed Nm of the motor 29 detected by 
a motor speed detector 42, the engine speed Ne 
detected by an engine speed detector 43, and the gen- 
erator speed Ng detected by a generator speed detec- 
tor 44. In the power train unit 41 , torque of the engine 1 
is calculated, and transmitted to an engine control unit 

45 by LAN as communication means. Within the engine 
control unit 45, an opening degree of a throttle valve for 
achieving the engine torque, the fuel flow rate and the 
ignition timing are calculated, and their respective actu- 
ators are controlled. Further, in the power train control 
unit 41 . the torques of the motor 29 and the generator 
15, and the number of steps of the stepping motor (1)13 
and the stepping motor (2) 28 are calculated, and trans- 
mitted to the motor control unit 46 by LAN so that the 
actuators therefor are controlled. The motor control unit 

46 allows to charge electric power obtained from the 
generator 15 in a battery 47 and supply power from the 
battery 47 to drive the motor 29 and the like. Referring 
to FIG. 2. in the power train control unit 41, first the 
vehicle speed Vsp is calculated by the function f from 
the motor speed Nm in the process 48. Then, in the 
process 49, the target drive shaft torque Ttar intended 
by an operator is calculated from the vehicle speed Vsp. 
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the accelerator pedal angle a, the brake pedal force p, 
and the shift lever position !i. !n the process 50, a shift 
command Ss is calculated from the target drive shaft 
torque Ttar and the vehicle speed Vsp to select the gear 
3 for low speed or the gear 6 for high speed. Finally, in 5 
the process 51, torques of the actuators (an engine 
torque Te. a motor torque Tm and a generator torque 
Tg), a step number Snl of the stepping motor (1), and a 
step number Sn2 of the stepping motor (2) are calcu- 
lated from the target drive shaft torque Ttar, the vehicle u 
speed Vsp, the battery capacity Vb, the engine speed 
Ne and the generator speed Ng, and output. 
[0018] In FIG. 3, the axis of abscissa indicates the 
vehicle speed Vsp, and the axis of ordinate indicates the 
target drive shaft torque Ttar. A portion above a point of is 
intersection of the two axes represents that the drive 
torque is positive, while a portion below represents that 
the drive torque is negative. A portion on the right hand 
of the point of intersection represents a forward travel, 
while a portion on the left hand represents a backward 20 
travel. The solid line indicates the accelerator pedal 
angle a (%), and the diagonal line indicates the brake 
pedal force p. The larger % of the accelerator pedal 
angle a, the larger the target drive shaft torque Ttar 
because an operator demands a great acceleration feel- 25 
ing. In case of the backward travel, since the vehicle 
speed need not be increased, the target drive shaft 
torque is small. The brake pedal force p shows a high 
value in the lower part in FIG. 3, it indicates that an 
operator demands a great deceleration. In the low vehi- 30 
cle speed at which the accelerator pedal angle a is 0%, 
the target drive torque is positive to generate the torque 
of the motor 29 so as to simulate the generation of the 
maximum torque at stall speed using a torque con- 
verter. 35 
[0019] Next, the applied operating regions of the 
engine 1 and the motor 29 will be explained. The mesh 
region is a motor driving region, and the diagonal region 
is an engine driving region. Normally, in a region where 
the target drive shaft torque Ttar is small at the time of 40 
the forward travel and the backward travel in terms of 
the compact and light weight of the engine 1 and the 
motor 2 and the improvement in fuel economy resulting 
from the high efficiency operation, it is necessary to 
drive only the motor 1 . Further, in the case where the 45 
target drive shaft torque Ttar is negative, the revival 
operation of the motor 1 is executed to make the decel- 
eration demanded by an operator and the improvement 
in fuel economy by recovery of energy compatible. 
[0020] FIG. 4 shows the shift command Ss character- so 
istics of a shift mechanism using the dog clutch for mak- 
ing the operation region of the engine 1 and the motor 
29 highly efficient. In FIG. 4, the shift command Ss is 
determined by the vehicle speed Vsp and the target 
drive shaft torque Ttar. In the shift command Ss. the 55 
value in which the engine 1 and the motor 29 has the 
maximum efficiency in the overall operation region is 
obtained in advance by the experiment or simulation 



and stored in memory means (not shown) within the 
power train control unii 41 . 

[0021 ] The operation principle of the system constitu- 
tion shown in FIG. 1 will be explained with reference to 
FIGS. 5 to 10. FIG. 5 shows the system constitution in a 
series mode, FIG. 6 shows the system constitution in a 
parallel mode at the time of low speed, FIG. 7 shows the 
system constitution in a parallel mode at the time of high 
speed, FIG. 8 is a time chart at the time of operation in 
a series mode, FIG. 9 is a time chart at the time of oper- 
ation in a parallel mode, and FIG. 10 is a time chart at 
the time of switching a shift mechanism. 
[0022] In FIG. 5. the series mode termed herein is an 
operation in which the generator 15 is driven by the 
engine 1, and the motor 29 is driven by power charged 
in the battery 47 to run the vehicle. In this case, the 
stepping motor (1) 13 is rotated rightward, the rack 1 1 is 
moved leftward, and the sleeve 8 is set to a neutral posi- 
tion. Further, the stepping motor (2) 28 is rotated left- 
ward, the rack 26 is moved rightward. and the sleeve 23 
is set to the meshing gear 21 mounted on the output 
shaft 16 of the generator 15. Thereby, the engine 1 
drives only the generator 15 to enable charging the bat- 
tery 47. Further, the generator 15 can be operated also 
as a motor, and the engine 1 is started by the generator 
15. Next, one example of the running of the system 
shown in FIG. 5 will be explained with reference to FIG. 
8. In FIG. 8, the axis of abscissa indicates the time, and 
the axis of ordinate indicates the shift lever position li, 
the accelerator pedal angle a, the brake pedal force p, 
the motor torque Tm, the vehicle speed Vsp, the battery 
capacity Vb. the engine speed Ne, step number Sn1 of 
the stepping motor (1), step number Sn2 of the stepping 
motor (2), and the generator speed Ng. The running 
conditions are the case where the vehicle starts from its 
stop state, and the accelerator pedal angle a is changed 
during running. An operator applies a brake in the state 
where the shift lever position is N (neutral), and there- 
fore, the vehicle stops. The battery capacity is also in a 
state requiring no charge. When the battery capacity 
exceeds 75%, the efficiency lowers, and when it is not 
more than 50%, the voltage drop is great to lower dis- 
charge power. It is therefore desirable that charging of 
the battery 47 is executed in the mesh portion shown in 
FIG. 8. After the shift lever position has been moved (a) 
to D (drive: forward) from N (neutral), the motor torque 
Tm is determined according to the accelerator pedal 
angle a. Immediately after N to D shift (a), since the 
accelerator pedal angle a is 0% and the vehicle is in a 
low speed, the motor torque Tm is positive by the maxi- 
mum torque at stall rotation, so that the vehicle starts to 
run. Thereafter, the battery capacity Vb is reduced by 
the use of the motor 29. At the time (b) when the battery 
capacity Vb is lower than 50%, the generator 1 5 is used 
as a motor to start the engine 1 . Thereafter, the genera- 
tor 15 is used as a generator and charging is executed 
by the torque of the engine 1. In the case where an 
operator sets the accelerator pedal angle a to 0% (c) 
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and applies a brake (d), the revival is executed by the 
motor 29 to charge the battery. 
[0023] In FIG. 6, the parallel mode termed Is an oper- 
ation in which the generator 15 is driven by the engine 
1 , the motor 29 is driven by power charged in the battery 
47 to run the vehicle and at the same time the torque of 
the engine 1 is applied to drive the vehicle. In this case, 
the stepping motor (1) 13 is rotated rightward, the rack 
1 1 is moved leftward, and the sleeve 8 is set to the 
meshing gear 3 provided on the gear 4 on the engine 
side for low speed. Further, the stepping motor (2) 28 is 
rotated rightward, the rack 26 is moved leftward, and the 
sleeve 23 is set to the meshing gear 17 provided on the 
output shaft 2 of the engine 1 . Thereby, the torque of the 
engine 1 is transmitted to the tire 1 0 through the gear 4 
on the engine side for low speed and the gear 31 on the 
motor side for low speed. One example of the running of 
the system shown in FIG. 6 will be explained hereinafter 
with reference to FIG. 9. In FIG. 9, the axis of abscissa 
indicates the time, and the axis of ordinate indicates the 
shift lever position li, the accelerator pedal angle a, the 
brake pedal force p, the motor torque Tm, the engine 
torque Te, the drive shaft torque To, the vehicle speed 
Vsp, the engine speed Ne, step number Sn1 of the step- 
ping motor (1), step number Sn2 of the stepping motor 
(2). and the generator speed Ng. The running condi- 
tions are the case where the accelerator pedal angle a 
is changed during running at constant vehicle speed. 
When the accelerator pedal angle a is greatly applied 
(e), the target drive shaft torque Ttar increases. There- 
fore, it is necessary to increase the motor torque Tm 
and output the engine torque Te. Since at that time, the 
engine 1 and the generator 15 are integrated, the output 
shaft 2 of the engine 1 is adjusted to the speed (speed 
of the motor 29) of the gear 4 on the engine side for low 
speed by the generator 15, the stepping motor (2) is 
rotated to the positive side (right rotation: movement 
leftward of the rack 1 1) at f, and the sleeve 8 is meshed 
with the meshing gear 3 of the gear 4 on the engine side 
for low speed. Thereby, the parallel mode is enabled by 
addition of the smooth engine torque Te. When the 
accelerator pedal angle a lowers (g), only the engine 
torque Te is set to zero, and running is effected by only 
the motor torque Tm. At this time, the shift caused by 
the movement of the sleeve 8 is not carried out in terms 
of reduction in shock at the time of deceleration. 
[0024] FIG. 7 shows a parallel mode at the time of 
high speed. Here, the stepping motor (1) 13 is rotated 
leftward, the rack 1 1 is moved rightward, and the sleeve 
8 is set to the meshing gear 5 provided on the gear 6 on 
the engine side for high speed. The stepping motor (2) 
28 is rotated leftward, the rack 26 is moved rightward. 
and the sleeve 23 is disengaged from the output shaft 2 
of the engine 1. Thereby, the torque of the engine 1 is 
transmitted to the tire 10 through the gear 6 on the 
engine side for high speed and the gear 32 on the motor 
side for high speed. At acceleration, the generator 15 is 
disengaged from the output shaft 2 and a torque corre- 



sponding to an inertia torque of the generator can be 
reduced. Therefore, it is not necessary to increase the 
torque of the engine 1 to improve fuel economy at accel- 
eration. One example of the running of the system 

5 shown in FIG. 7 will be explained hereinafter with refer- 
ence to FIG. 10. In FIG. 10, the axis of abscissa indi- 
cates the time, and the axis of ordinate indicates the 
shift command Ss, the accelerator pedal angle a, the 
brake pedal force p, the motor torque Tm, the engine 

10 torque Te, the generator torque Tg, the drive shaft 
torque To, the vehicle speed Vsp, the engine speed Ne, 
step number Sn1 of the stepping motor (1), and step 
number Sn2 of the stepping motor (2). The running con- 
ditions are the case where the shift command Ss is 

15 changed during running at constant accelerator pedal 
angle a. After the shift command Ss has been changed 
(h), the shift is made by movement of the sleeve 8. 
Therefore, the engine torque Te and the generator 
torque Tg are increased temporaly, the step number 

20 Sn1 of the stepping motor (1 ) is set to negative, and the 
shift of the gear 6 on the engine side for high speed is 
executed. This is because of the fact that when torque 
occurs at the sleeve 8. the movement of the sleeve 8 is 
difficult. Since at the time of shift, the torque from the 

25 engine 1 lowers, the torque Tm of the motor 29 is 
increased disregarding the fuel cost to prevent the 
torque from being lowered. The frequency of increase in 
the motor torque Tm is merely during the shift, not lead- 
ing to an increase in fuel cost. 

30 [0025] FIG. 11 is a time chart when an actuator is in 
trouble. In FIG. 1 1 , the axis of abscissa indicates the 
time, and the axis of ordinate indicates a fail-safe flag Ff, 
the shift command Ss, the accelerator pedal angle a, 
the brake pedal force p, the motor torque Tm, the engine 

35 torque Te, the generator torque Tg, the drive shaft 
torque To, the vehicle speed Vsp, step number Sn1 of 
the stepping motor (1), and step number Sn2 of the 
stepping motor (2). The fail conditions are the case 
where the stepping motor (1) is not actuated, and the 

40 gear 4 on the engine side for low speed is fixed. In the 
case where the fail is judged by the power train control 
unit 41 Q), running by the motor 29 and the generator 15 
should be executed to avoid a danger, and an input from 
the engine 1 is cutoff. Thereby, the engine torque Te is 

45 smoothly set to zero from j to k to reduce the shock, and 
the step number Sn2 of the stepping motor (2) is 
returned to zero, and the generator 15 is set to be used 
as a motor. In the case where as the fail condition, the 
stepping motor (2) is fixed to the output shaft 16 of the 

so generator 15 as shown by the diagonal line, the engine 
torque Te is likewise smoothly set from j to k to reduce 
the shock, and the step number Sn2 of the stepping 
motor (1) is returned to zero to set the shift position to a 
neutral point. Thereby, running only by the motor 29 

55 results, and it is possible to suppress the shock to 
impart an operator unpleasant feeling and avoid a dan- 
ger. 

[0026] FIG. 12 shows an example in which a wobble 
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motor is applied to a linear actuator. In the case of the 
system as described above, since the frequency of shift 
is small, when energy of the dog clutch in the operation 
other than the shift is not present, the power consump- 4 
tion can be reduced, and the fuel economy can be s 
improved. So, a linear actuator shown in FIG. 12 was 
applied. The sleeve 8 is provided with a lever 52 for 
movement of the sleeve 8. A member 54 for supporting 5 
a ball 53 is mounted on the lever 52, the ball being con- 
stituted so as not to transmit rotation of a screw 56 to 
the lever 52. The screw 56 is rotated by power supplied 
to a stator 55 to effect linear motion. Due to the linear 
motion of the screw 56, the lever 52 and the sleeve 8 
move so that the shift or the like is executed. The linear 
actuator is not moved because the screw 56 is engaged 
with the thread portion of the stator 55 with respect to 
reaction from the sleeve 8, and energy (power) when 
the sleeve 8 is fixed is not necessary. A motor compris- 
ing the screw 56 and the stator 56 is called a wobble 
motor. 

[0027] According to the present embodiment, there is 
provided a power transmission apparatus for an auto- 
mobile comprising a generator driven by an output of 
the engine, a battery charged by generation output of 
the generator, and a motor driven by discharge output of 
the battery, wherein a clutch mechanism is provided 
between the output shaft of the engine and an output 
shaft of the generator whereby an occurrence of inertial 
torque of the generator can be suppressed. Thereby, it 
is not necessary to correct the inertial torque caused by 30 7. 
the engine or the motor, thus enabling a considerable 
reduction in fuel cost at the time of acceleration of the 
vehicle. 
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A power transmission apparatus for an automobile 
comprising: 

an internal combustion engine (1); 

a generator (15) driven by an output of said 

internal combustion engine (1); 

a battery (47) charged by a generation output 

of said generator (15); 

an electric motor (29) driven by a discharge 
output of said battery (47); and 
as clutch mechanism (23) provided between an 
output shaft (2) of said internal combustion 
engine (1) and an output shaft (16) of said gen- 
erator (15). 

A power transmission apparatus for an automobile 
according to Claim 1, wherein said clutch mecha- 
nism (23) is a device which requires, when engaged 
or disengaged, no energy for engagement or disen- 
gagement. 



3, A power transmission apparatus for an automobile 



8. 
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according to Claim 1 , wherein a clutch of said clutch 
mechanism (23) is a dog dutch. 

A power transmission apparatus for an automobile 
according to Claim 3, wherein said dog clutch is 
driven by a linear actuator. 

. A power transmission apparatus for an automobile 
according to Claim 3, wherein a hub of said dog 
clutch is provided on said output shaft (16) of the 
generator (15). 

A power transmission apparatus for an automobile 
comprising: 

an internal combustion engine (1); 
a generator (15) driven by an output of said 
internal combustion engine (1); 
a battery (47) charged by a generation output 
of said generator (15); 

an electric motor (29) driven by a discharge 
output of said battery (47) ; 
a shift mechanism provided between an output 
shaft (2) of said internal combustion engine (1) 
and an output shaft (30) of said electric motor 
(29); and 

a clutch mechanism (23) for switching the shift 
provided on said shift mechanism. 

A power transmission apparatus for an automobile 
according to Claim 6, wherein said clutch mecha- 
nism (23) is a mechanism which requires, when 
engaged or disengaged, no energy for engagement 
or disengagement. 

A power transmission apparatus for an automobile 
according to Claim 6, wherein a clutch for said 
clutch mechanism (23) is a dog clutch. 

A power transmission apparatus for an automobile 
according to Claim 8, wherein said dog clutch is 
driven by a linear actuator. 



2. 



45 



so 



55 



10, A power transmission apparatus for an automobile 
according to Claim 8, wherein a hub of said dog 
clutch is provided on said output shaft (2) of the 
internal combustion engine (1). 

11. A power transmission apparatus for an automobile 
comprising: 

a mechanism in which a rotational force of an 
internal combustion engine (1) and a rotational 
force of an electric motor (29) are synthesized 
or selectively switched to drive a drive wheel 
(10), the rotational force of said internal com- 
bustion engine (1) or said drive wheel (10) is 
converted into electric power by a generator 
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12 



(15), and said electric power is supplied to said 
electric motor (29); and 

a mechanism for disconnecting said generator 
(15) from a rotational force transmission sys- 
tem constructed by said internal combustion s 
engine (1) and said drive wheel (10). 

12. A power transmission apparatus for an automobile 
according to Claim 11, wherein the rotational force 
transmission system has a mechanism for switch- 10 
ing a first transmission system having a first trans- 
mission ratio to or from a second transmission 
system having a second transmission ratio; 

in the case where rotation is transmitted by said first 
transmission system, the rotational force transmis- is 
sion system is disconnected from said generator 
(15); and in the case where rotation is transmitted 
by said second transmission system, the rotational 
force transmission system is connected to said 
generator (15). 20 

13. A power transmission apparatus for an automobile 
according to Claim 1 1 , wherein the rotational force 
transmission system has a mechanism for selec- 
tively switching a first transmission system having a 25 
first transmission ratio, a second transmission sys- 
tem having a second transmission ratio, and a neu- 
tral state for disconnecting the rotational force 
transmission system; in the case where rotation is 
transmitted by said first transmission system, the 30 
rotational force transmission system is discon- 
nected from said generator (15); and in the case 
where rotation is transmitted by said second trans- 
mission system and in the case of said neutral 
state, said generator (15) is connected to the rota- 35 
tional force transmission system. 

14. A power transmission apparatus for an automobile 
comprising: 

40 

a mechanism in which a rotational force of an 
internal combustion engine and a rotational 
force of an electric motor (29) are synthesized 
or selectively switched to drive a drive wheel 
(10), the rotational force of said internal com- 45 
bustion engine (1) or said drive wheel (10) is 
converted into electric power by a generator 
(15), and said electric power is supplied to said 
electric motor (29); and 

a mechanism for disconnecting said electric so 
motor (29) from a rotational force transmission 
system. 

15. A power transmission apparatus for an automobile 
according to any one of Claims 11 to 14, wherein 55 
means for holding, in a fixed state, at least one of a 
mechanism for disconnecting said generator (15), a 
mechanism for disconnecting said electric motor 



(29) or a mechanism for switching said transmis- 
sion system holds said mechanism in the fixed 
state merely by mechanical reaction. 

16. A power transmission apparatus for an automobile 
according to Claim 15, wherein means for holding 
said mechanism in the fixed state is a wobble 
motor. 
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20 



25 



30 



7 



WSDOCID: <EP 0953467A2_L> 



EP0953 467 A2 





Nm Ng 



8 



09S3467A2 I > 



EP 0 953 467 A2 



UJ 

z> 
o 

CC 

o 

h- 
LU 

z 

o 



LU 



LU 

O 
£T 
O 
\- 

cc 
o 



LU 

Oh 5 

H z> _ 

<LU Zu. - n 

lu o a. Q-P 

ZQC LU~LU£ 
LU O 

oh- co co co S 



CM 
CD 



or 

LU 

5 z~ 

CL Q.P 
LU CM LU "T 

H- c I— 2 
CO CO COS 




GO I 
5TI 



LU><Z 

— LU o 
IIUJq. 

lu a. < w> 

> co o > 



i 



O 



< 

CC Q 
LU LU 
ZLU 
LU CL 

e> co 



z 

LU 

Z Q 
— LU 
O LU 
Z Q_ 
LU CO 



> 

LU O 
I- < 
h-CL 
< <l 
00 O 



CC 

LU ~ 

ti 

CO 0- 



< 
Q 
LU 

Q_ aj. 
LU nj 

< cr 
cc o 

0Q U_ 



CC 

o 

< 
oc 

LU 

_J 

LU 

o 



LU 
_l 

e> 
z 
< 



< 
a 
o LU 

<a. 



O LU 
t LU 
OQ. 

2co 



9 



1NSDOCID: <EP_ 



.0953467 A2J_> 



EP 0 953 467 A2 



F I G. 3 




F I G. 4 




10 



w.cinnnin- <fp oqs3467A2 i > 



EP 0 953 467 A2 



F I G. 5 




3NSDOCID: <EP 0953467A2J_> 



11 



EP 0 953 467 A2 



F I G. 6 




tw«*r>nnin- <pp 0953467A2 i > 



12 



EP0 953 467 A2 




JNSDOCID: <EP 0953467A2_I_> 



13 



EP 0 953 467 A2 



F I G. 8 



SHIFT LEVER 
POSITION n 

ACCELERATOR 
PEDAL ANGLE 0 
a 

BRAKE PEDAL 
FORCE ft 



MOTOR TORQUE 
Tm 



VEHICLE 
SPEED Vsp 



BATTERY 
CAPACITY 
Vb (%) 60 
40 




ENGINE SPEED 
Ne 

STEP NUMBER 
Sn1 OF 
STEPPING 
MOTOR I 

STEP NUMBER 
Sn2 OF O 
STEPPING 
MOTOR 2 

GENERATOR . 
SPEED Ng 0 



r 



Ne 
Snl 

Sn2 




TIME 



14 



•Riorv-^.n. ,cd no^^574a I 



EP 0 953 467 A2 



F I G. 9 



SHIFT LEVER 
POSITION Ii 

ACCELERATOR 
PEDAL ANGLE 



BRAKE PEDAL, 
FORCE $ 



MOTOR TORQUE 
Tm 



ENGINE TORQUE 0 
Te 



+ 

DRIVE SHAFT 
TORQUE To . 

VEHICLE 
SPEED Vsp 

ENGINE SPEED O 
Ne 

STEP NUMBER + 
Sn1 OF 0 
STEPPING 
MOTOR 1 

STEP NUMBER 
Sn2 OF 
STEPPING 
MOTOR 2 

GENERATOR ° 
SPEED Ng 



D 



i/ 



li 



• a 



P 



•Tm 



■Te 

■To 
■Vsp 
Ne 
Snl 

Sn2 



TIME 



15 



NSDOCID: <EP 0953467A2_I_> 



EP0953 467 A2 



SHIFT 

COMMAND Ss 

ACCELERATOR 
PEDAL ANGLE 
a 



BRAKE PEDAL 
FORCE 



MOTOR TORQUE 
Tm 



ENGINE TORQUE O 
Te 



GENERATOR 
TORQUE Tg 



+ 
O 



DRIVE SHAFT + 
TORQUE To o 



VEHICLE 
SPEED Vsp 

STEP NUMBER + 
Sni OF 0 
STEPPING 
MOTOR 1 



STEP NUMBER O 
Sn2 OF 

STEPPING 
MOTOR 2 



F I G. 10 

Low 



A. 



High 



TIME 



Ss 
a 



Tm 



Te 



Tg 



Vsp 



Sn1 



Sn2 



NSDOCID:<EP 0953467A2 I > 



16 



EP 0 953 467 A2 



FAIL FLAG 
Ff 

SHIFT 

COMMAND Ss 

ACCELERATOR 
PEDAL ANGLE 
a 

0 

BRAKE PEDAL ft 
FORCE £ ° 



MOTOR TORQUE 0 
Tm — 



ENGINE TORQUE O 
Te 

GENERATOR t 
TORQUE Tg - 



DRIVE SHAFT + 
TORQUE To o 



VEHICLE 
SPEED Vsp O 

STEP NUMBER 4- 
Sn1 OF O 
STEPPING - 
MOTOR 1 

STEP NUMBER 0 
Sn2 OF 
STEPPING 
MOTOR 2 



FIG. 11 

off r — 



ON 



Low 



Ff 

Ss 



Tm 



Te 



Tg 



To 



-Vsp 



Sn1 



Sn2 



TIME 



17 



NSDOCID: -sEP 09S3467A2_I_> 



EP0953 467 A2 



F I G. 12 



8 




i 55 
X' 



INSDOCID: <EP 0953467A2J_> 



18 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) 

EUROPEAN PATENT APPLICATION 



EP 0 953 467 A3 



/op\ 


uaie ui puDiicaiion mo. 


(51) IntCI/: boOK 6/04 




£ i .uo.fUui Duiieiin zuu i/i ^ 


(43} 


Date of Dublication A?* 






no 11 1QQQ Riillotl n 1 QQQ/Ail 




\^ 1 / 


Amplication niimhpr Q91 0743*5 ? 




(22) 


Date of filing: 27.04.1999 




(84) 


Desianated Oontractina States* 


* Masaki, Ryoso 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Hitachi-shi, Ibaraki 319-1413 (JP) 




MC NL PT SE 


• In nam'i, Toshiyuki 




Designated Extension States: 


Tsuch'tura-shi, Ibaraki 300-0045 (JP) 




AL LT LV MK RO SI 


• Kadomukai, Yuzo 






Ishioka-shi, Ibaraki 315-0035 (JP) 


(30) 


Priority: 28.04.1998 JP 11817598 








(74) Representative: 


(71) 


Applicant: Hitachi, Ltd. 


Beetz & Partner 




Chiyoda-ku, Tokyo 101-8010 (JP) 


Patentanwalte 






Steinsdorfstrasse 10 


(72) 


Inventors: 


80538 Munchen (DE) 


• 


Minowa, Toshimichi 




Mito-shi, Ibaraki 311-1115 (JP) 





CO 

< 

CD 

CO 
LO 

o> 
o 

CL 
LU 



(54) Power transmission apparatus for an automobile 

(57) Disclosed is a power transmission apparatus 
for an automobile comprising an engine 1, a generator 
1 5 driven by an output of the engine 1 , and a motor 29 
driven by a generation output of the generator 15 and a 
discharge output of a battery 47, wherein a clutch 
mechanism 23 is provided between an output shaft 2 of 
the engine 1 and an output shaft 1 6 of the generator 1 5. 
In a hybrid vehicle, a loss caused by an inertia torque of 
the generator 1 5 can be avoided. 
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